The effect of iron on the colloidal behaviors of americium in near-neutral solutions was studied by applying the ultrafiltration method to americium (241Am) solutions, iron (59Fe) solutions and americium/iron mixed solutions. The concentration of americium was typically about 10-9M and that of iron 10-7M. Some properties of colloidal particles were deduced from the particle-size distributions.
The effect of iron on the colloidal behaviors of americium in near-neutral solutions was studied by applying the ultrafiltration method to americium (241Am) solutions, iron (59Fe) solutions and americium/iron mixed solutions. The concentration of americium was typically about 10-9M and that of iron 10-7M. Some properties of colloidal particles were deduced from the particle-size distributions.
It was revealed that the colloidal americium particles may represent pseudo colloids, which behave together with iron true colloids. The proposed simple model, in which the iron true colloid is assumed to be a chain-like polymer composed of hydroxide, is able to describe the particle-size distribution of iron colloids observed in this work. It was also found that the adsorption of americium and iron on the vessel walls depends on the particle-size distributions. 
Procedures
The flow sheet of the experimental procedure is shown in Fig.1 . All experiments were performed at room temperature.
Distilled water (30 ml) was poured into a 50ml-centrifuge tube. Americium stock solution was added to obtain the concentrations of 2 x10-9M or 2x10-81M. The pH was adjusted by using a solution of NaOH. All tubes were sealed during storage to obviate the dissolution of CO2 from air, and to maintain the constant pH. The CO2 concentration in sample solutions was much less than 10-5 M at the saturated condition in the aerated system at room temperature.
The ionic strength was not known exactly, but it was estimated to be at most about 2 x 10-5 M judging from the amounts of the stock solution and NaOH used for the pH adjustment.
In most cases, sequential filtrations of sample solutions through Millipore filters with decreasing pore-sizes of 0.45, 0.1 and 0.025 mm were carried out 1 h and 1 wk, respectively, after the pH adjustment.
Americium remained on a filter or sorbed on the vessel wall was dissolved in 1 N-HCl solutions.
The radioactivity of each filtrate was measured directly with an intrinsic germanium detector. In order to investigate the effects of iron, the sequential ultrafiltration was applied to iron solutions and to americium/iron mixed solutions.
The solutions of concentration of 1 x 10-7M and 2x10-5M were prepared with Fe(III) nitrate (Fe(NO3)3,9H2O) including 59Fe as a tracer. The lower concentration of iron is only a few times higher than that in the distilled water. Americium was added to some of the iron solutions prepared above to contain 2 x 10-9M. Fig. 2(a)~(c) .
These show size distributions of colloidal particles present in americium solutions, amounts sorbed on vessel walls, and their changes with time.
No correction was given to the present results. Thus, it is uncertain if the obtained particle-size distribution for acidic solution really reflects the presence of large particles.
On the other hand, it seems that the particle-size distributions are not changed so much, especially at pH 7. Since americium stock solution contains only particles smaller than 0.025mm in size as verified, those larger particles were formed in the solutions after the pH adjustment.
Of particular interest is that the size distributions change with time in the neutral solution (Fig.2(b) ).
These results suggest that colloidal particles formed in these solutions may grow in size with time.
Figure 2(c) is the result for the case in which americium concentration was 10 times higher than that in Fig. 2(b) . It seems that the equilibrium size distribution had not reached in 1 month after the pH adjustment since one may find that the concentration in the solution slightly decreases and that the amount sorbed on the vessel wall slightly increases with time if examined in detail.
Colloidal Particles in Iron Solutions
As well as americium solutions, colloidal particles larger than 0.45mm in size are present in all iron solutions at pH 3.5 and 7, as seen in Fig. 3 (a)~(e). In this sense, the resemblance of the two distributions shown in Fig. 3(d) and (e) indicates that the equilibrium size distribution is almost achieved in 1 wk in the higher concentrated solution.
The comparison of the results between a set of Fig. 3(b) , (c) and a set of Fig. 3(d) , (e) reveals that the rate to reach the equilibrium size distribution depends much on the concentration of iron itself ; the higher the concentration of iron is, the greater the rate is. This may indicate that the particles are very likely to be true colloids of iron. The distributions in the neutral solution are shown in Fig. 4(b) . It should be noticed that the distribution of americium resembles that of iron colloids. This suggests that americium compound behave together with iron colloids.
The resemblance of their distributions is remarkable also in Fig. 4(c) , for which the concentration of iron is higher than that in Fig. 4(b) . The resemblance also holds in the acidic solution as seen in Fig.   4 (a). Together with the fact that the distilled water contains a trace of iron, these results confirm that colloidal particles of americium in solutions of Fig. 2 (a)~(c) behave with colloidal particles of iron. The result of the desorption experiment for the sample used for Fig. 4(b) is depicted in Fig. 4(d) . This result shows that the distribution of colloidal particles in this mixed solution does not yet completely attain equilibrium in 1 wk, but that colloidal particles are likely to be stable.
Sorption on Vessel Walls
The results obtained show that americium is sorbed on the vessel walls more in neutral solutions than in acidic solutions.
-68 - Davydov (10) claimed that iron colloids are pseudo colloids, referring to the data on electrophoresis, and sorption of iron on a cellophane filter and glass surface. As mentioned above, however, the present results indicated the features of iron true colloids. The difference between both results might result from some different experimental conditions such as the concentration of impurities.
The equilibrium solid phase formed in ferric solutions has been fairly well established (11) . Hydroxide complexes of Fe(III) account for most of the soluble iron species. The solid phase is the amorphous iron hydroxides (Fe(OH)3) as shown in the figure of Morel (12) . As for the neutral solution in this experiment (pH~7, iron -10-7M), the iron solid phase is the amorphous iron hydroxides. It is well known that the amorphous Fe(OH)3 slowly transforms to the goethite a-FeOOH and the hematite a-Fe2O3. According to the data on the steady state reached after 200 h studied by Biedermann & Schindler(13) , the stable form of precipitated ferric hydroxide is a-FeOOH.
From their kinetic analysis, Knight & Sylva(14) proposed that precipitate formation must occur by step-wise addition of low molecular weight species to growing nuclei. These results allow us to consider the suspended iron colloids to be mainly composed of the species ({-FeOOH-}n) formed by the dehydration process of Fe(OH)3 molecules.
Model for Size Distributions
In this section, a simple model is applied to the experimentally obtained size distributions. The species assumed here, {-FeOOH-}n, limits the shape of polymers to be linear when subject to polymerization. Neither two-nor three-dimensional spread is allowed. In fact, it was reported that FeOOH formed was the needle-shaped crystalline (15) . Assuming the linear polymerization process, the following model representing the most probable distribution of linear-chain molecules" is applied. If we let p represent the extent of reaction that a unit molecule (monomer) reacts with a chain molecule to grow its chain, the number of chain molecules of m unit molecules Nm is given by ( 1 ) -71 -where N0 denotes the total number of unit molecules present in solution. Now the following relation is assumed to the first approximation : ( 2 ) where l and l0 represent the length of the chain and that of a unit, respectively. Combining Eqs. ( 1 ) and ( 2 ) leads to the following equation which gives the total number of unit molecules composing chain molecules in the range l1 to l2 in size, 
